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Abstract 
The flow velocity distribution of the bio-fluidized bed reactor was an important factor to its wastewater treatment 
capability. According to the results of numerical simulation, a new type of internal circulation bio-fluidized bed 
reactor with adjustable structure was developed and used for a pilot scale test. The velocity distributions of reactors 
with different structure composition were investigated through experiments. The result showed that the structure of 
the reactors had a great effect on the velocity distribution, the velocity in different reactors ranged from 0.047 m·s-1 
to 3.046 m·s-1. The optimized parameters were: the ratio of up flow zone area to down flow zone area was 1, the 
length of baffle was 1100 mm, and the gap between the baffle and the reactor bottom was 750 mm. Under this 
condition, the velocity distribution of the reactor showed a uniform and reasonable pattern and the velocity ranged 
between 0.121 and 0.924 m·s-1. 
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1. Introduction 
The bio-fluidized bed reactor is a new wastewater treatment technology combining the conventional 
activated sludge process and biofilm process, meanwhile, the design and operation are carried out with 
the fluidized concept. This technology can provide the transmission of the oxygen and matrix with good 
conditions, strengthen the process of substance diffusion and enhance the reaction rate. As a result, it has 
the advantages of a larger contact area of liquid-solid, higher microorganism concentration, higher 
volume loading and stronger anti shock loading capability (He and Liu, 1999; Shieh et al. 2003; Li and 
Zhang, 2002; Hirata and Noguchi, 1994;).  
An internal circulating type bio-fluidized bed reactor was used in this study. In the reactor, the 
circulating wastewater flow and biological carriers is driven by the released bubbles from the aerator, in 
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the bottom of upflow area, and the liquid density difference between the upflow and downflow area. The 
carrier particles covered by biofilm are distributed throughout the system and fully contacted with 
wastewater. The high degree of wastewater-carries mixing in reactor provides the turbulence that is 
necessary for good reaction efficiency (Chalermsinsuwan et al., 2009; Hirata et al., 2000) and the biofilm 
attached on the carriers can be renewed in the upflow part due to the violent turbulence of gas and liquid 
phases. 
This technology is more and more widely used in the wastewater treatment field (Patel et al., 2006; 
Wilson et al., 1997; Aslan et al., 2008); however, it is still far less commonly used than other 
technologies such as the activated sludge process, biological contact oxidation process, SBR etc. The 
most important reason is the complicated flow in the reactor caused by the complex structure and 
relatively more parameters impacting on the reactor performance (Turan and Öztürk, 1996; Andalib et al., 
2010; Sellami et al, 2005) 
An internal circulating type bio-fluidized bed reactor with an adjustable structure used for a pilot scale 
test was designed and manufactured in this paper. The liquid phase velocity distributions of reactors with 
different structure composition were investigated in order to provide theoretical support for the optimized 
design of the reactor structure. 
2.  Experimental device and materials 
The outline dimension of the fluidized-bed experimental equipment was 2100 × 2100 × 2800 mm, and 
the circulation baffle of reactor was variable. Seven structures of reactors were made up according to 
different lengths and positions of baffle. The structure parameters are shown in Table 1. 
 
Table 1. Main structure parameters of seven suits of bio-fluidized bed reactors 
Structure R1 R2 R3 R4 R5 R6 R7 
Length of baffle /mm 900 900 900 1100 1100 1100 1100 
Area of up/down flow zone 0.8 1 1 0.8 0.8 1 1 
Height of gap in baffle bottom /mm 650 650 800 750 900 900 750 
 
The hydraulic shear-type aerator was applied in the test. The air was ejected from the gap between the 
basin-shape shell and rubber plate and was sheared into small bubbles under the hydraulic shear force. 
While stopping supplying air, the gap was auto-sealed and prevented from backflushing of the mixture by 
means of rubber resilience. 
3.  Experimental method 
The Portable Ultrasonic Doppler Velocimetry manufactured by Sigma Corporation was applied for the 
velocity distribution measurement in the reactors. 25 measuring points were selected in the middle cross-
section, and the measurement points are shown in Figure 1. 
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Figure 1. Distribution map of velocity measuring points in reactors. 
 
4. Experiment results and discussion 
Experiments were carried out for the seven reactors with different structures in table1. The aeration 
was 50 m3·h-1 and the water temperature was 25-27°C. The velocity distribution is shown in Table 2, and 
the statistical results of velocity distribution in reactors with different structures are shown in Table 3. 
Table 2. Results of velocity distribution in reactors with different structures 
Reactor  velocity / m·s-1 
R1 
 Y / mm 795 1 230 1 670 2 140 2 635 
X/mm 
1 650 -0.138 -0.201 0.180 -0.137 0.126 
1 400 0.130 0.164 0.213 0.243 0.316 
1 150 -0.074 0.186 0.224 0.264 0.412 
700 0.612 0.565 0.854 1.006 0.792 
500 -0.098 0.190 0.218 0.458 0.481 
R2 
 Y / mm 795 1 230 1 670 2 140 2 635 
X/mm 
1 650 0.146 -0.138 -0.232 -0.250 -0.272 
1 400 -0.141 0.047 0.206 -0.220 0.167 
1 150 -0.126 0.118 0.175 0.242 0.094 
700 0.150 0.221 0.447 0.533 0.365 
500 0.424 0.556 0.332 0.424 0.450 
R3 
 Y / mm 795 1 230 1 670 2 140 2 635 
X/mm 
1 650 -2.081 -2.168 -0.624 -0.287 -0.275 
1 400 -0.184 -0.212 0.098 0.224 0.243 
1 150 0.798 1.358 2.142 2.296 3.046 
700 0.306 0.372 0.270 0.272 0.374 
500 2.464 1.667 2.187 1.800 0.346 
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R4 
 Y / mm 795 1 230 1 670 2 140 2 635 
X/mm 
1 650 -1.802 -0.254 -0.343 -0.352 -0.314 
1 400 -0.162 0.168 0.228 0.206 0.290 
1 150 1.116 0.179 0.194 0.237 0.342 
700 0.206 0.265 0.561 0.748 0.612 
500 0.622 0.895 1.212 1.325 1.456 
R5 
 Y / mm 795 1 230 1 670 2 140 2 635 
X/mm 
1 650 -0.208 0.183 0.183 -0.384 -0.282 
1 400 -0.181 -0.113 0.212 0.248 0.310 
1 150 0.143 0.168 0.241 0.271 -0.303 
700 0.254 0.242 0.408 0.504 0.458 
500 0.308 0.398 0.516 0.696 -0.426 
R6 
 Y / mm 795 1 230 1 670 2 140 2 635 
X/mm 
1 650 -0.166 -0.217 -0.224 -0.239 -0.296 
1 400 -0.190 0.393 0.264 0.194 0.294 
1 150 0.256 0.221 0.275 0.282 0.335 
700 0.450 1.510 2.102 2.412 1.800 
500 0.582 0.376 0.475 0.532 0.394 
R7 
 Y / mm 795 1 230 1 670 2 140 2 635 
X/mm 
1 650 -0.924 -0.177 -0.190 -0.273 -0.282 
1 400 -0.235 0.222 0.228 0.261 0.297 
1 150 -0.134 0.317 0.260 0.295 0.350 
700 0.292 0.121 0.372 0.637 0.501 
500 0.279 0.361 0.747 0.726 0.328 
Notes: X was the distance of measure points to left wall of reactors (mm); 
      Y was the distance of measure points to the bottom of reactors (mm). 
 
Table 3. Rang of velocity distribution in reactors with different structures 
Structure number R1 R2 R3 R4 R5 R6 R7 
Min. velocity/ m·s-1 0.074 0.047 0.098 0.162 0.113 0.166 0.121 
Max. velocity/ m·s-1 1.006 0.556 3.046 1.802 0.696 2.412 0.924 
Percentage of velocity from 0.2 to 0.8 m·s-
1/% 52 60 60 60 76 72 84 
 
The optimal velocity was suggested to be between 0.2 and 0.8 m·s-1 in the bio-fluidized bed (Wei et al., 
1999; Zhou and Qian, 1996). When the velocity was higher than 0.8 m·s-1, the increased shear force 
would cause the biofilm on the carrier surface to drop off easily so that the concentration of 
microorganism could not maintain a high level, thus the efficiency of the wastewater treatment was lower. 
Furthermore, too high a velocity could culture biofilm in the initial time of the reactors’ start-up. On the 
other hand, too low velocity (less than 0.3 m·s-1) in the bio-fluidized bed of reactors could not maintain 
the fluidized state of the carriers in the reactors that resulted in the lower utilization ratio of carriers. 
Meanwhile, the increased internal circulation time caused by the low velocity would lead to the time of 
liquid in the reactors decreasing and the treatment efficiency reducing.  
According to Table 3, the maximum velocity of R3, R4 and R6 were 3.046 m·s-1, 1.802 m·s-1 and 2.412 
m·s-1 respectively, which were too high for the bio-fluidized beds. The velocity range of R2 was 0.047-
0.556 m·s-1 which was a little too low. The velocities of R1, R5 and R7 were more suitable for the 
operation of the bio-fluidized bed, among which R7 had the most suitable velocity range of 0.121-0.924 
m·s-1 and moreover, the measuring point of velocity between 0.2 and 0.8 m·s-1accounted for 84% of the 
total points which was the highest among all the reactors. Furthermore, an obvious down flow zone near 
to the right baffle and right bottom zone could be seen from the velocity distribution of R7 shown in 
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Figure 2 (here the velocity was denoted by the length of line and the direction of velocity was denoted by 
arrow), which was another evidence indicating the suitable structure of R7. 
 
Figure.2 Practical velocity profile of R7 
5. Conclusion 
The structure of the reactors had a great effect on the velocity distribution and the optimal parameters 
were: the area ratio of up flow zone to down flow zone was 1, the length of circulation baffle was 1100 
mm and the height of the gap in the baffle bottom was 750 mm. The range of velocity distribution for all 
reactors was from 0.047 m·s-1 to 3.046 m·s-1, while it was from 0.121 to 0.924 m·s-1 for the reactor with 
optimal parameters, and the velocity distribution was also uniform and reasonable under this condition. 
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